This study analyzes efficiency of global steel companies for the period 1997-2008. I employ Data Envelopment Analysis (DEA) to estimate the relative efficiency of global steel companies in using their labor, materials and capital resources to generate sales. Based on a panel dataset for global steel companies for the period 1997-2008, I find that the means (medians) of aggregate, technical, and scale efficiency scores were 0.4954 (0.4619), 0.5803 (0.5420), and 0.8656 (0.9385) respectively. Average aggregate efficiency increased from 1998 until 2002 before trending down. Average technical efficiency increased from 1998 until 2003 before trending down. Therefore, it is apparent that the aggregate efficiency and technical efficiency move together. In contrast, average scale efficiency decreased from 1997 until 2008, which indicated a steadily downward trend from the first year in the sample period. Furthermore, average scale efficiency was greater than average technical efficiency for each year throughout the entire sample period, suggesting that the technical factor was a more important source of inefficiency than the scale factor in each year during the entire sample period. That is, there existed a higher level of technical inefficiency compared with scale inefficiency, indicating that there was more room for improvement in technical efficiency.
Introduction
The past few decades have witnessed drastic changes in the global steel industry. Large steel companies have downsized their operations and small steel companies have merged into larger ones [1] . Newly developed technologies has been constantly introduced and implemented, and technical innovation in the global steel industry is progressing rapidly [2] . In an aggressively competitive environment, the global steel market had been dominantly influenced by large steelmakers in the US, Japan and Europe. However, as the size of the steel market has grown rapidly, newly emerging contenders such as steel companies in China, South Korea and India have been slowly eroding and expanding market share [3] . The global steel market still remains relatively fragmented, highly cyclical and intensely competitive. The global steel industry has also been affected by general economic conditions and end-use markets, including automotive, appliance, construction and energy industries. Further, entering the steel market requires significant cash outlay, which tends to discourage newcomers with insufficient capital. Higher fixed costs ensure a certain degree of rivalry, as companies are subsequently committed to a certain scale of operations, in order to remain profitable [4] . In rapidly changing competitive business environments, an increasingly important objective of many global steel companies is to enhance their competitiveness by improving their efficiency in their operations [5] . In this context, the purpose of this study is to investigate how efficiency of global steel companies changed over the period 1997-2008. To evaluate the trend of efficiency of global steel companies over time, I employ Data Envelopment Analysis (DEA) to estimate the aggregate, technical, and scale efficiency scores of global steel companies for the period 1997-2008. I consider the single output: total sales in terms of tons shipped (SALE), and three inputs: (i) the number of employees (EMP), (ii) total material costs (TMC), and (iii) total assets utilized (ASSET) [6] .
First, I employ the output-oriented three-input one-output constant returns to scale DEA model to estimate the aggregate efficiency scores (AGGR) of the different observations (j, t) for firm j = 1,…,J, and year t = 1,…,T [7] . Second, I apply the output-oriented three-input one-output variable returns to scale DEA model to estimate the technical efficiency scores (TECH) of the different observations (j, t) for firm j = 1,…..,J, and year t = 1,…,T [8] . Third, I measure the scale efficiency scores (SCAL) for each observation (j, t) for firm j = 1,…,J, and year t = 1,…,T by dividing the corresponding aggregate efficiency scores (AGGR) by the corresponding technical efficiency scores (TECH) [9] .
The remainder of this paper is organized as follows. In the next section, I describe the research method. Section 3 discusses data and descriptive statistics. In section 4, I report and discuss efficiency analysis. Finally, section 5 summarizes the main results.
Research Method
I employ the output-oriented three-input one-output model of Charnes, Cooper and Rhodes (CCR) [7] model to evaluate the efficiency scores using a set of three inputs to produce one output. Recall that the single output is annual sales in terms of tons shipped (SALE), and the three inputs are the number of employees (EMP), total material costs in deflated dollars (TMC), and total assets in deflated dollars (ASSET). The formulation of I also employ the output-oriented three-input one-output model of Banker, Charnes and Coope (BCC) [8] model to evaluate the efficiency scores using a set of three inputs to produce one output. The formulation of this output-oriented BCC model for estimating the efficiency  
is given by the following program:
where   is the quantity of input i consumed by DMUjt,   the quantity of output produced by DMUjt, All data used in this study were obtained from World Steel Dynamics: Financial Dynamics of International Steelmakers [10] . All monetary value items was deflated to 2000 price index published by World Steel Dynamics [10] .
[ Table 1 ] provides descriptive statistics on the single output (SALE), three inputs (EMP, TMC, ASSET), and three efficiency scores (AGGR, TECH, SCAL). The mean values of the four output and input variables (SALE, EMP, TMC, ASSET) were all much larger than their median values, indicating that the data are skewed to the left.
[ respectively. The average annual growth rate of TMC was much higher than those of other output and input variables (SALE, EMP, ASSET), which suggests that the disproportionate usage of TMC might be a main cause for inefficiency of global steel companies.
[ Figure 1 [ Figure 2 ] Frequency Curve For Efficiency Scores
[ Table 2 ] presents Pearson and Spearman correlations between efficiency scores, output and input variables.
There is a statistically significant positive correlation between aggregate efficiency (AGGR) and technical efficiency (TECH). There is also a statistically significant positive correlation between aggregate efficiency (AGGR) and scale efficiency (SCAL). In contrast, there is a statistically significant negative correlation between technical efficiency (TECH) and scale efficiency (SCAL).
[ 
Efficiency Analysis
[ Table 3 [ Average scale efficiency scores were greater than average technical efficiency scores for each year throughout the entire sample period, suggesting that the technical factor was a more important source of inefficiency than the scale factor in each year during the entire sample period. That is, there existed a higher level of technical inefficiency compared with scale inefficiency, indicating that there was more room for improvement in technical efficiency.
[ Figure 3 ] Trend of Mean Efficiency Scores
Summary
In this study, I 
